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1
LIQUID CRYSTAL DISPLAY DEVICE

This application claims priority to Korean Patent Appli-

cation No. 10-2015-0068934, filed on May 18, 2015, and all
the benefits accruing therefrom under 35 U.S.C. § 119, the
content ol which in its enftirety 1s herein icorporated by
reference.

BACKGROUND

1. Field

Embodiments of the mvention relate to a liquid crystal
display (“LCD”) device.

2. Description of the Related Art

A liquid crystal display (“LCD”) device 1s one of the most

widely used types of flat panel display (“FPD”) device in
recent. An LCD device typically includes two substrates
including electrodes provided thereon and a liquid crystal
layer mterposed between the two substrates. Upon applying
voltage to the electrodes, liquid crystal molecules in the
liguid crystal layer are rearranged to adjust the amount of
light transmitted therethrough.
In a process of manufacturing such an LCD device, a
process of adhering the two substrates, respectively includ-
ing the electrodes therein, to each other may have a sub-
stantial effect on 1image quality, and a color-filter on array
(“COA”) structure has been suggested to improve defects
caused by errors in such an adhering process.

In general, an LCD device having such a COA structure
includes a first substrate, on which a gate line, a data line, a
thin film transistor, a pixel electrode and a color filter are
disposed, and a second substrate, which opposes the first
substrate and on which a common electrode 1s disposed.

The first substrate receives electric signals supplied
thereto from an external device, and drives the gate line, the
data line, the thin film transistor, the pixel electrode and the
color filter based on the electric signals, and the common
clectrode on the second substrate 1s electrically connected to
the first substrate.

In such an LCD device, a pad for receiving a common
voltage applied to the common electrode and a short pad for
applying the received common voltage to the second sub-
strate may be disposed on the first substrate. By electrically
connecting a plurality of electrodes on the short pad to
protrude therefrom and the common electrode of the second
substrate, the common voltage 1s applied to the common
clectrode of the second substrate.

SUMMARY

In a liquid crystal display (“LCD”) device, a light shield-
ing unit 1s typically provided to prevent retlection of exter-
nally incident light from a surface of the metal electrode
formed on the first substrate. In such an LCD device, the
light shielding unit 1s spaced apart from the plurality of
clectrodes, which are on the short pad to protrude theretrom,
to prevent an 1increase 1n step difference and contact defects,
such that metal electrodes disposed 1n the peripheral portion
of the light shielding unit may be exposed. Accordingly,
surface reflection occurs when light 1s externally incident.

Embodiments of the mvention are directed to an LCD
device with improved surface retlection of external light by
disposing a plurality of electrodes, which are provided to
apply a common voltage, to contact a light shielding unait.

According to an exemplary embodiment of the invention,
a liquid crystal display device includes: a first substrate on
which a display area and a non-display area surrounding the
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display area are defined; a first electrode on the first substrate
in the non-display area, where the first electrode receives a
common voltage; a step diflerence pattern on the {irst
clectrode; a second electrode on the step difference pattern,
where the second electrode 1s electrically connected to the
first electrode; a first light shuelding umit spaced apart from
the step diflerence pattern and having a first height; a second
light shielding unit between the first light shielding unit and
the step difference pattern, where the second light shielding
unit has a second height which 1s less than the first height;
a second substrate opposing the first substrate; and a liquid
crystal layer between the first substrate and the second
substrate.

In an exemplary embodiment, the first electrode may be
a common electrode.

In an exemplary embodiment, the liquid crystal display
device may further include a common electrode on the
second substrate.

In an exemplary embodiment, the liquid crystal display
device may further include a conductive spacer on the
second electrode, where the conductive spacer 1s electrically
connected to the second electrode and the common elec-
trode.

In an exemplary embodiment, the conductive spacer may
be spaced apart from the second light shielding unit.

In an exemplary embodiment, the conductive spacer may
include at least one selected from gold (Au), silver (Ag),
indium (In), aluminum (Al), chromium (Cr), and nickel (N1).

In an exemplary embodiment, the liquid crystal display
device may further include: a thin film transistor on the first
substrate, where the thin film ftransistor may include a
semiconductor layer, a gate electrode, a source electrode,
and a drain electrode; a pixel electrode electrically con-
nected to the thin film transistor; and red, green and blue
color filters on the first substrate.

In an exemplary embodiment, the first electrode may
include a material the same as a material of the gate
clectrode.

In an exemplary embodiment, the first electrode and the
gate electrode may be defined by a same patterned laver.

In an exemplary embodiment, the first electrode may
surround the display area.

In an exemplary embodiment, the step difference pattern
may include a material the same as a matenal of at least one
of the red, green, and blue color filters.

In an exemplary embodiment, the step diflerence pattern
may include a material the same as a material of the blue
color filter.

In an exemplary embodiment, the second electrode may
include a material the same as a material of the pixel
clectrode.

In an exemplary embodiment, the second electrode and
the pixel electrode may be defined by a same patterned layer.

In an exemplary embodiment, the liquid crystal display
device may further include a column spacer which maintains
an interval between the first substrate and the second sub-
strate.

In an exemplary embodiment, the first light shielding unit,
the second light shielding unit and the column spacer may
include a same material, which shields light, as each other.

In an exemplary embodiment, the first light shielding unit,
the second light shielding unit and the column spacer may be
defined by a same patterned layer.

In an exemplary embodiment, the conductive spacer may
include a material the same as a material of the column
spacer.
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In an exemplary embodiment, the conductive spacer and
the column spacer may be defined by a same patterned layer.

The foregoing 1s 1llustrative only and 1s not intended to be
in any way limiting. In addition to the illustrative aspects,
embodiments, and features described above, turther aspects,
embodiments, and features will become apparent by refer-
ence to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and aspects of the disclosure
of invention will be more clearly understood from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 1s a plan view 1llustrating a liqud crystal display
(“LCD”) device according to an exemplary embodiment;

FIG. 2 1s an enlarged plan view illustrating a short pad
unit illustrated 1in FIG. 1;

FIG. 3 1s a cross-sectional view taken along line I-I' of
FIG. 2;

FIG. 4 1s an enlarged plan view 1illustrating an exemplary
embodiment of a pixel of the LCD device illustrated in FIG.
1

FIGS. 5A to S5F and 6 are cross-sectional views 1llustrating,
processes ol an exemplary embodiment of a method of
manufacturing a display panel of the LCD device shown in
FIGS. 1 to 4;

FI1G. 7 1s a cross-sectional view 1llustrating a display panel
according to an alternative exemplary embodiment;

FIG. 8 15 a cross-sectional view 1llustrating a display panel
according to another alternative exemplary embodiment;
and

FIGS. 9A and 9B are cross-sectional views 1llustrating an
LCD device according to an exemplary embodiment.

DETAILED DESCRIPTION

Advantages and features of the invention and methods for
achieving them will be made clear from exemplary embodi-
ments described below 1n detail with reference to the accom-
panying drawings. The imnvention may, however, be embod-
ied 1n many different forms and should not be construed as
being limited to the exemplary embodiments set forth
herein. Rather, these exemplary embodiments are provided
so that this disclosure will be thorough and complete, and
will Tully convey the scope of the invention to those skilled
in the art. The invention 1s merely defined by the scope of the
claims. Therefore, well-known constituent elements, opera-
tions and techniques are not described in detail in the
exemplary embodiments 1n order to prevent the mvention
from being obscurely interpreted. Like reference numerals
refer to like elements throughout the specification.

In the drawings, the thickness of layers and regions may
be exaggerated for clarity. Throughout the specification, like
reference numerals refer to like elements throughout the
specification. When an element or layer 1s referred to as
being “on”, “engaged to”, “connected to” or “coupled to”
another element or layer, it may be directly on, engaged,
connected or coupled to the other element or layer, or
intervening elements or layers may be present. In contrast,
when an element 1s referred to as being “directly on,”
“directly engaged to”, “directly connected to” or “directly
coupled to” another element or layer, there may be no
intervening elements or layers present. Other words used to
describe the relationship between elements should be inter-
preted 1n a like fashion (e.g., “between” versus “directly

between,” “adjacent” versus “directly adjacent,” etc.).
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The spatially relative terms “below”, “beneath”, “lower”,
“above”, “upper”’, and the like, may be used herein for ease
of description to describe the relations between one element
or component and another element or component as 1llus-
trated 1n the drawings. It will be understood that the spatially
relative terms are intended to encompass different orienta-
tions of the device 1n use or operation, 1 addition to the
orientation depicted in the drawings. For example, in the
case where a device shown 1n the drawing 1s turned over, the
device positioned “below” or “beneath’™ another device may
be placed “above” another device. Accordingly, the illustra-
tive term “below” may include both the lower and upper
positions. The device may also be oriented 1n the other
direction, and thus the spatially relative terms may be
interpreted differently depending on the orientations.

Throughout the specification, when an element 1s referred
to as being “connected” to another element, the element 1s
“directly connected” to the other element, or “clectrically
connected” to the other element with one or more 1nterven-
ing elements interposed therebetween. It will be further
understood that the terms “comprises,” “comprising,”
“includes™ and/or “including,” when used 1n this specifica-
tion, specily the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereof.

It will be understood that, although the terms “first,”
“second,” “third,” and the like may be used herein to
describe various elements, these elements should not be
limited by these terms. These terms are only used to distin-
guish one clement from another element. Thus, “a first
clement” discussed below could be termed “a second ele-
ment” or “a third element,” and “a second element” and “a
third element” can be termed likewise without departing
from the teachings herein.

“About” or “approximately” as used herein 1s inclusive of
the stated value and means within an acceptable range of
deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement 1n
question and the error associated with measurement of the
particular quantity (1.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within +30%, 20%, 10%, 5% of the
stated value.

Unless otherwise defined, all terms used herein (including
technical and scientific terms) have the same meaning as
commonly understood by those skilled in the art. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that 1s consistent with theirr meaning in the
context of the relevant art and will not be interpreted 1n an
ideal or excessively formal sense unless clearly defined 1n
the specification.

Exemplary embodiments are described herein with refer-
ence to cross section illustrations that are schematic 1llus-
trations of 1dealized embodiments. As such, variations from
the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations 1n shapes that
result, for example, from manufacturing. For example, a
region 1illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are 1llustrated may be rounded. Thus, the regions 1llustrated
in the figures are schematic 1n nature and their shapes are not
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intended to 1llustrate the precise shape of a region and are
not intended to limit the scope of the present claims.

Hereinafter, exemplary embodiments of the invention waill
be described 1n detail with reference to the accompanying
drawings.

FIG. 1 1s a plan view 1llustrating a liqud crystal display
(“LCD”) device 500 according to an exemplary embodi-
ment.

An exemplary embodiment of the LCD device 500
includes a first substrate 100 (or a first panel), a second
substrate 200 (or a second panel) and a liquid crystal layer
(not 1llustrated) disposed between the first and second sub-
strates 100 and 200.

The first substrate 100 includes a display area DA and a
plurality of non-display areas PA1l, PA2, PA3 and PA4
surrounding the display area DA.

The display area DA includes a plurality of gate lines
GL1-GLn, a plurality of data lines DL1-DLm intersecting
the plurality of gate lines GL1-GLn, a plurality of pixels
PX11-PXnm electrically connected to the plurality of gate
lines GL1-GLn and the plurality of data lines DL1-DLm.

The gate lines GL1-GLn are connected to a gate driver
115. The gate lmnes GL1-GLn sequentially receive gate
signals that are sequentially generated from the gate driver
115.

The data lines DL1-DLm are connected to a data driver
111. The data lines DL1-DLm receive data voltages having
an analog form and applied thereto from the data driver 111.
The data driver 111 may be disposed, e.g., mounted, on the
first substrate 100 1n a chip-on-glass (“COG”) manner. In an
alternative exemplary embodiment, the data driver 111 may
have a tape carrier package (““TCP”) structure or a chip-on-
film (“COF”) structure.

The pixels PX11-PXnm are positioned 1n an area in which
the gate lmmes GL1-GLn and the data lines DL1-DLm
intersect one another. The pixels PX11-PXnm may be
arranged 1n a matrix-like form having “m” number of
columns and “n” number of rows. Herein, “m” and “n” each
are an integer greater than zero (0).

Each of the pixels PX11-PXnm 1s connected to a corre-
sponding gate line of the gate lines GL1-GLn and a corre-
sponding data line of the data lines DL1-DLm, respectively.
Each of the pixels PX11-PXnm receives a data voltage
applied thereto from the corresponding data line, in response
to a gate signal applied thereto from the corresponding gate
line. Each of the pixels PX11-PXnm displays a gray scale
corresponding to the data voltage.

The first non-display area PA1 1s a portion adjacent to an
end portion of the data line DL 1n an area surrounding the
display area DA, and the data driver 111 including a plurality
of data pads may be disposed 1n the first non-display area
PA1.

The second non-display area PA2 1s a portion opposing
the first non-display area PA1 1n the area surrounding the
display area DA.

The third non-display area PA3 1s a portion adjacent to an
end portion of the gate line GL 1n the area surrounding the
display area DA, and the gate driver 115 electrically con-
nected to the gate line GL to generate the gate signal may be
disposed 1n the third non-display area PA3.

The fourth non-display area PA4 1s a portion opposing the
third non-display areca PA3 1in the area surrounding the
display area DA.

In an exemplary embodiment, a plurality of short pad
units 151, 152, 153, 154 and 155 1s disposed 1n the first,
second, third and fourth non-display areas PA1, PA2, PA3
and PA4. The short pad units 151, 152, 153, 154, and 155
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may be disposed on areas overlapping the second substrate
200 1n the first, second, third and fourth non-display areas
PA1, PA2, PA3, and PA4. The short pad units 151, 152, 153,
154 and 1355 are electrically connected to the second sub-
strate 200. In one exemplary embodiment, for example, the
short pad units 151, 152, 153, 154 and 155 may be disposed
in the first non-display area PA1 and the second non-display
area PA2, as shown in FIG. 1.

The second substrate 200 1s disposed to oppose the first
substrate 100, and the second substrate 200 and the first
substrate 100 are coupled to each other, e.g., adhered to each
other by a sealant (not 1llustrated) to seal the liquid crystal
layer (not 1llustrated).

FIG. 2 1s an enlarged plan view 1illustrating the short pad
unit 151 1llustrated 1in FIG. 1, and FIG. 3 1s a cross-sectional
view taken along line I-I' of FIG. 2.

In an exemplary embodiment, as illustrated in FIGS. 2
and 3, the short pad unit 151 includes a first electrode 120,
a step difference pattern 130, a second electrode 140, and a
light shielding unit 180, on a first base substrate 101 of the
first substrate 100.

In such an embodiment, the first electrode 120 includes a
metal layer. The first electrode 120 may include a metal layer
hat defimng the gate line GL, or may include

the same as t
a metal layer the same as that defining the data line DL.
According to an exemplary embodiment shown in FIG. 3,
the first electrode 120 includes a metal layer the same as that
defining the gate line GL, for example, but not being limited
thereto.

In one alternative exemplary embodiment, for example,
the first electrode 120 may be defined by a portion of a
common electrode. In such an embodiment, the L.CD device
may be a plane to line switching (“PLS”)-mode LCD device
in which the pixel electrode and the common electrode are
in a same substrate, e.g., the first substrate 100.

The step difference patterns 130 are disposed on the first
clectrode 120 1n plural, while being spaced apart from each
other 1n an 1sland shape. In one exemplary embodiment, for
example, a width of the spaced portion defined by the step
difference pattern 130 may be about 20 micrometers (um).
In such an embodiment, the step diflerence pattern 130 may
include a material the same as that of the color filter 104.

The step difference pattern 130 may include a plurality of
layers. In one exemplary embodiment, for example, the step
difference pattern 130 may include a first step diflerence
layer 131, a second step diflerence layer 132 on the first step
difference layer 131, and a third step diflerence layer 133 on
the second step diflerence layer 132, as shown in FIG. 3.

The second electrode 140 includes a conductive material
and 1s disposed on the step difference pattern 130. The
second electrode 140 may include or be formed of a trans-
parent conductive material the same as that of the pixel

[

clectrode PE.

The light shielding unit 180 1includes a first light shielding
umt 181 spaced apart from the step difference pattern 130
and having a first height d1, and a second light shielding unit
182 disposed between the first light shielding unit 181 and
the step difference pattern 130 and having a second height d2
which 1s less than the first height d1.

The second substrate 200 includes a second base substrate
201 and a common electrode 210. The second base substrate
201 may be a transparent 1msulating substrate. The common
clectrode 210 1s disposed on the second base substrate 201.
The common electrode 210 may 1nclude or be formed of a
transparent conductive material such as indium tin oxide
(“I'TO”) or indium zinc oxide (“1Z20”), for example. In such
an embodiment, I'TO may be a polycrystalline or monoc-
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rystalline material, and IZO may be a polycrystalline or
monocrystalline material, as well.

In an exemplary embodiment, a conductive spacer 300 1s
disposed on the second electrode 140, and electrically con-
nects the second electrode 140 on the first base substrate 101
and the common electrode 210 on the second base substrate
201. The second eclectrode 140 may maintain a uniform
interval with respect to the common electrode 210 of the
second substrate 200 due to the step diflerence pattern 130.
Accordingly, short defects between the conductive spacer
300 and the second electrode 140 and between the conduc-
tive spacer 300 and the common electrode 210 may be
cllectively prevented.

FIG. 4 1s an enlarged plan view 1illustrating an exemplary
embodiment of a pixel of the LCD device 500 illustrated 1n
FIG. 1.

In an exemplary embodiment, a thin film transistor Tr
including a semiconductor layer 165, a gate electrode GE, a
source electrode SE and a drain electrode DE 1s disposed on
a portion at which a gate line GL and a data line DL intersect
cach other. In such an embodiment, a pixel electrode PE
connected to the drain electrode DE of the thin film tran-
sistor Tr through a drain contact hole 168 1s disposed 1n each
pixel region P.

FIGS. SAto 5F and 6 are cross-sectional views 1llustrating,
processes of an exemplary embodiment of a method of
manufacturing a display panel of the LCD device shown in
FIGS. 1 to 4. The cross-sectional views 1n FIGS. 5A and 6F

correspond to cross-sectional views taken along line I-I' of
FIG. 2 and II-IP of FIG. 4.

In an exemplary embodiment, as illustrated in FIG. 5A, a
first metal layer 1s provided on the first base substrate 101
and the first metal layer 1s patterned, to thereby form the first
clectrode 120 and the gate electrode GE on the first base
substrate 101. The first metal layer may include or be formed
of aluminum (Al) or alloys thereof, silver (Ag) or alloys
thereol, copper (Cu) or alloys thereof, and/or molybdenum
(Mo) or alloys thereof. In an alternative exemplary embodi-
ment, the first metal layer may include one of chromium
(Cr), tantalum (Ta), and titamum (11).

The first metal pattern defines the gate line GL, the gate
electrode GE of the thin film transistor Tr, and the first
clectrode 120 1n the non-display area. A length of a side of
the first electrode 120, when viewed from a plan view, may
be about several millimeters. Although not illustrated, the
first electrode 120 1s electrically connected to a voltage
wiring that transmits a common voltage, and the common
voltage 1s applied to the first electrode 120.

A gate msulating layer 102 and the first step difference
layer 131 are provided together on the first base substrate
101, on which the first metal pattern 1s formed, to cover the
first metal pattern. The gate insulating layer 102 and the first
step diflerence layer 131 may include an inorganic nsulat-
ing material such as silicon nitride (SiN ) and silicon oxide
(510,), for example.

In such an embodiment, as illustrated in FIG. 5B, a
semiconductor layer 165 and a second metal layer are
sequentially provided on the first base substrate 101 on
which the gate msulating layer 102 1s provided. The semi-
conductor layer 165 and the second metal layer are simul-
taneously patterned, and thereby a second metal pattern 1s
formed. Accordingly, the second metal pattern may have a
structure 1 which the semiconductor layer 165 and the
second metal layer are stacked one on another. In an
exemplary embodiment, the semiconductor layer 165 and
the second metal layer may be patterned using different
masks, respectively.
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According to an exemplary embodiment, the second

metal pattern defines a data line DL, a source electrode SE,
and a drain electrode DE.

A protection layer 103 and the second step difference
layer 132 are provided together on the first base substrate
101, on which the second metal layer 1s formed, to cover the
second metal pattern. The protection layer 103 and the
second step difference layer 132 may include an 1norganic
insulating material such as silicon nitride (SiNx) and silicon
oxide (510,), for example, or an organic isulating material
such as an acryl resin and benzocyclobutene (“BCB”), for
example.

In such an embodiment, as illustrated in FIG. 5C, a color
photoresist material 1s provided, e.g., coated, on the first
base substrate 101 and patterned, and thereby a color pattern
1s formed. The color pattern defines the color filter 104 1n the
pixel region and the third step different unit 133 on the
second step difference layer 132. Although an exemplary
embodiment where the color filter 104 and the third step
difference layer 133 are formed of the same maternial have
the same thickness, 1s shown 1n FIG. 5C, but not being
limited thereto. In an alternative exemplary embodiment, the
thicknesses of the color filter 104 and the third step differ-
ence layer 133 may be different from each other.

In an exemplary embodiment, the third step difference
layer 133 may be patterned simultaneously with a blue color
filter among red, green and blue color filters. The blue color
filter 1s generally patterned to have a larger thickness than
the thickness of the red and green color filters, and thus the
third step difference layer 133 that 1s patterned simultane-

ously with the blue color filter may allow the second
clectrode 140 and the common electrode 210 of the second
substrate 200 to maintain a uniform nterval. Accordingly, 1n
such an embodiment, short defects caused between the
conductive spacer 300 and the second electrode 140 and
between the conductive spacer 300 and the common elec-
trode 210 may be eflectively prevented. In such an embodi-
ment, the blue color filter has a light transmittance lower
than that of the red and green color filters, such that the third
step diflerence layer 133 may be provided using the same
maternal as that forming the blue color filter to prevent light
leakage 1n the non-display area, and may be patterned
simultaneously therewith.

A planarization layer 105 1s provided on the first base
substrate 101 on which the color pattern 1s formed. The
planarization layer 105 may include an inorganic nsulating
material such as silicon nitride (S1Nx) and silicon oxide
(510,), for example, or an organic 1nsulating material such
as an acryl resin and BCB, for example. In an exemplary
embodiment, as illustrated in FIG. 5C, the planarization
layer 105 1s provided on the second step diflerence layer 132
and the third step difference layer 133, but not being limited
thereto. In an alternative exemplary embodlment the pla-
narization layer 105 may be omitted.

In such an embodiment, as 1llustrated in FIGS. 5D and SE,
the planarization layer 105 and the protection layer 103 are
etched to expose the drain electrode DE. In such an embodi-
ment, the planarnization layer 105, the first step difference
layer 131 and the second step diflerence layer 132 are etched
simultaneously, to thereby expose the first electrode 120.

A transparent conductive layer 1s provided on the first
base substrate 101 on which the drain electrode DE and the
first electrode 120 are exposed and then patterned, and
thereby a transparent conductive pattern 1s formed. The
transparent conductive pattern defines the pixel electrode PE
and the second electrode 140.
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In such an embodiment, as illustrated in FIG. SF, a
photosensitive resin 1s provided, e.g., coated, on the first
base substrate 101 and patterned, to thereby form the first
light shielding unit 181 that 1s spaced apart from the step
difference pattern 130 and has the first height d1, and the
second light shielding unit 182 that 1s disposed between the
first light shielding unit 181 and the step difference pattern

130 and has the second height d2 which is less than the first
height d1.

In an exemplary embodiment, as 1llustrated 1n FIG. 6, the

first light shielding umt 181 and the second light shielding
unit 182 are formed on the first substrate 100, using a partial
light exposure mask 190.
In such an embodiment, a photosensitive resin (not 1llus-
trated) including a black pigment 1s coated on an entire
surface of the first substrate 100. In such an embodiment, to
coat the photosensitive resin on the first substrate, a method
of spin coating, slit-and-spin coating, or spinless coating
may be employed, but the invention is not limited thereto. In
such an embodiment, the photosensitive resin may be, for
example, a negative-type photosensitive resin.

Subsequently, the partial light exposure mask 190 1is
disposed on the first substrate 100 on which the photosen-
sitive resin (not illustrated) 1s coated. In such an embodi-
ment, as illustrated in FIG. 6, the partial light exposure mask
190 includes a transmission area TA through which light 1s
transmitted, a blocking area BA through which light may not
be transmitted, and a half-transmission area HTA through
which light 1s partially transmitted. The half-transmission
area HTA may include a plurality of slits or a half-transpar-
ent layer.

Next, light such as ultraviolet (“UV”) light 1s selectively
irradiated onto the photosensitive resin through the partial
light exposure mask 190, such that the photosensitive resin
1s exposed to light. As illustrated in FIG. 6, the first light
shielding unit 181 and the second light shielding unit 182 are
formed to have diflerent heights from each other. Herein, the
height d1 of the first light shielding unit 181 that corresponds
to the blocking area BA of the partial light exposure mask
190 1s higher than the height d2 of the second light shielding,
unit 182 that corresponds to the hali-transmission area HTA
of the partial light exposure mask 190. In such an embodi-
ment, a portion of the photosensitive resin corresponding to
the transmission area TA of the partial light exposure mask
190 1s removed.

Herein, alternative exemplary embodiments of a display
panel of the LCD device will be described with reference to
FIGS. 7 and 8. The same or like elements shown 1n FIGS.
7 and 8 have been labeled with the same reference characters
as used above to describe the exemplary embodiments of the
display panel, and any repetitive detailed description thereof
will hereinafter be omitted or simplified.

FI1G. 7 1s a cross-sectional view 1llustrating a display panel
according to an alternative exemplary embodiment.

In an exemplary embodiment, as illustrated 1n FIG. 7, a
first electrode 120 including a metal layer 1s disposed on a
first base substrate 101, and a first step difference layer 131
and a second step difference layer 132 are sequentially
disposed on the first electrode 120.

A color photoresist material 1s coated on the first base
substrate 101 and patterned, and thereby a third step differ-
ence layer 133 1s formed. A step difference pattern 130
including the first, second and third step difference layers
131, 132 and 133 may have a thickness to have the same step
difference as that of the color filter 104.

In an exemplary embodiment of a manufacturing method
of the display panel shown 1n FIG. 7, a planarization layer
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105, the first step difference layer 131, and the second step
difference layer 132 that are provided on the first electrode
120 are etched to expose the first electrode 120, and a second
clectrode 140 1s disposed on the first base substrate 101.
In such an embodiment, a photosensitive resin 1s coated
on the first base substrate 101, and a light shielding unit 180
contacting a side surface of the step difference pattern 130

and having a uniform height 1s formed, using a mask (not
illustrated).

In such an embodiment of the LCD device 500, reflection
of externally incident light from a surface of the metal
clectrode may be eflectively prevented in the non-display
arca without using a partial light exposure mask 190 1n the
pattern process of the light shielding unit 180.

FIG. 8 1s a cross-sectional view illustrating a display panel
according to another alternative exemplary embodiment.

As 1llustrated i FIG. 8, a first electrode 120 including a
metal layer 1s disposed on a first base substrate 101, and a
first step difference layer 131 and a second step diflerence
layer 132 are sequentially disposed on the first electrode
120.

A color photoresist material 1s coated on the first base
substrate 101 and patterned, and thereby a first color pattern
133a 1s formed. Subsequently, a second color photoresist
material 1s coated on the first base substrate 101, on which
the first color pattern 133a i1s formed, and patterned, and
thereby a second color pattern 1335 1s formed. As a result,
a third step difference layer 133 having a double layer
structure 1ncluding the first color pattern 133a and the
second color pattern 1335 1s provided on the first electrode
120.

In such an embodiment of a manufacturing method, a
planarization layer 105, the first step diflerence layer 131
and the second step diflerence layer 132 that are provided on
the first electrode 120 are etched to expose the first electrode
120, and the second electrode 140 1s provided on the first
base substrate 101 on the second color pattern 1335 and the
exposed portion of the first electrode 120.

A photosensitive resin 1s coated on the second electrode
140 on the first base substrate 101, and a first light shielding,
umt 181 spaced apart from the step difference pattern 130
and having a first height (or a first thickness) d1 and a second
light shielding unit 182 between the first light shielding unit
181 and the step difference pattern 130 and having a second
height (or a second thickness) d2, which 1s less than the first
height d1, are formed based on the coated photosensitive
resin, using a partial light exposure mask 190.

In such an embodiment, the LCD device 500 includes a
third step difference layer 133 that 1s formed by stacking
color patterns 133a and 1335 having two colors among red,
green, and blue colors. Accordingly, light shielding charac-
teristics of the non-display area may be improved.

FIGS. 9A and 9B are cross-sectional views illustrating the
LCD device 500 according to an exemplary embodiment.

In an exemplary embodiment, as illustrated in FIG. 9A, a
conductive spacer 300 1s disposed on the second electrode
140 of the first substrate 100. The conductive spacer 300
clectrically connects the second electrode 140 of the first
substrate 100 to the common electrode 210 of the second
substrate 200.

The conductive spacer 300 may include at least one
selected from gold (Au), silver (Ag), indium (In), aluminum
(Al), chromium (Cr), and nickel (Ni).

In an alternative exemplary embodiment, as illustrated 1n
FIG. 9B, a conductive ball 301 may be disposed on the
second electrode 140 of the first substrate 100. In such an
embodiment, the conductive ball 301 electrically connects
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the second electrode 140 of the first substrate 100 and the
common electrode 210 of the second substrate 200.

The conductive ball 301 may have a core/shell structure
with a core including an elastic material such as plastic or
silica and a shell including a highly conductive metal, such
as gold (Au), silver (Ag), indium (In), aluminum (Al),
chromium (Cr), and nickel (N1), or a metal alloy.

Due to the step diflerence pattern 130, the second elec-
trode 140 of the first substrate 100 may maintain a uniform
interval with respect to the common electrode 210 of the
second substrate 200. Accordingly, short defects caused
between the conductive spacer and the conductive balls 300
and 301, and the second electrode 140 and between the
conductive spacer and the conductive balls 300 and 301, and
the common electrode 210 may be effectively prevented.

In an exemplary embodiment, the LCD device 500 may
turther include a column spacer (not illustrated) disposed on
one of the first substrate 100 and the second substrate 200 to
maintain an interval between the first substrate 100 and the
second substrate 200.

In such an embodiment, the column spacer may be
disposed on the first substrate 100 and may include a
material for shielding light that 1s the same as that forming,
the first light shielding unit 181 and the second light shield-
ing unit 182. A photosensitive resin 1s coated on the first base
substrate 101, and the first light shielding unmit 181, the
second light shielding unit 182 and the column spacer are
simultaneously patterned through a single mask process
such that the first light shielding unit 181, the second light
shielding unit 182 and the column spacer may be defined by
a same patterned layer.

In such an embodiment, the column spacer may be
disposed on the first substrate 100, and may include a
material the same as that of the conductive spacer 300, and
the column spacer and the conductive spacer 300 may be
simultaneously patterned such that the column spacer and
the conductive spacer 300 may be defined by a same
patterned layer.

As set forth above, according to exemplary embodiments,
a light shielding unit that includes portions having different
heights 1s formed in a non-display area through a single
mask process, such that exposure of a metal electrode may
be effectively prevented without an additional manufactur-
ing process. Accordingly, surface retlection of external light
in the non-display area may be improved.

From the foregoing, 1t will be appreciated that various
embodiments in accordance with the disclosure have been
described herein for purposes of illustration, and that various
modifications may be made without departing from the
scope and spirit of the teachings. Accordingly, the various
embodiments disclosed herein are not intended to be limut-
ing of the true scope and spirit of the teachings. Various
teatures of the above described and other embodiments can
be mixed and matched in any manner, to produce further
embodiments consistent with the invention.

What 1s claimed 1s:

1. A liquid crystal display device comprising:

a first substrate on which a display area and a non-display
area surrounding the display area are defined;

a lirst electrode on the first substrate 1n the non-display
area, wherein the first electrode receives a common
voltage;

a step diflerence pattern on the first electrode;

a second electrode on the step diflerence pattern, wherein
the second electrode 1s electrically connected to the first
electrode:
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a first light shielding umit spaced apart from the step
difference pattern and having a first height;

a second light shielding unit between the first light
shielding unit and the step difference pattern, wherein
the second light shielding unit does not overlap the step
difference pattern in a direction perpendicular to the
first substrate, and wherein the second light shielding
unit has a second height, which 1s less than the first
height to form a trench by a side surface of the first light

shielding unit, a flat top surface of the second light

shielding umt and a side surface of the second elec-
trode;

a second substrate opposing the first substrate;

a liquid crystal layer between the first substrate and the
second substrate;

a common electrode on the second substrate; and

a conductive spacer on the second electrode, wherein the
conductive spacer directly contacts the second elec-
trode and the common electrode.

2. The liguid crystal display device of claim 1, wherein

the first electrode 1s a second common electrode.

3. The liquid crystal display device of claim 1, wherein
the conductive spacer 1s spaced apart from the second light
shielding unit.

4. The liquid crystal display device of claim 3, wherein
the conductive spacer comprises at least one selected from
gold (Au), silver (Ag), mdium (In), aluminum (Al), chro-
mium (Cr) and nickel (IN1).

5. The hiquid crystal display device of claim 1, further
comprising:

a thin film transistor on the first substrate, wherein the thin
film transistor comprises a semiconductor layer, a gate
electrode, a source electrode and a drain electrode;

a pixel electrode electrically connected to the thin film
transistor; and

red, green, and blue color filters on the first substrate.

6. The liquid crystal display device of claim 5, wherein
the first electrode comprises a material the same as a
material of the gate electrode.

7. The liquid crystal display device of claim 6, wherein

the first electrode and the gate electrode are defined by a
same patterned layer.

8. The liquid crystal display device of claim 5, wherein
the first electrode surrounds the display area.

9. The liquid crystal display device of claim 5, wherein
the step diflerence pattern comprises a material the same as
a material of at least one of the red, green and blue color
f1lters.

10. The liquid crystal display device of claim 9, wherein
the step diflerence pattern comprises a material the same as
a material of the blue color filter.

11. The liquid crystal display device of claim 5, wherein
the second electrode comprises a material the same as a
maternal of the pixel electrode.

12. The liquid crystal display device of claim 11, wherein
the second electrode and the pixel electrode are defined by
a same patterned layer.

13. The liqud crystal display device of claim 5, further
comprising;

a column spacer which maintains an interval between the

first substrate and the second substrate.

14. The liquid crystal display device of claim 13, wherein
the first light shielding unit, the second light shielding unit
and the column spacer comprise a same material, which
shields light, as each other.
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15. The liquid crystal display device of claim 14, wherein
the first light shielding unit, the second light shielding unit
and the column spacer are defined by a same patterned layer.

16. The liquad crystal display device of claim 13, wherein
the conductive spacer comprises a material the same as a 53
material of the column spacer.

17. The liqud crystal display device of claim 16, wherein
the conductive spacer and the column spacer are defined by
a same patterned layer.
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